-ininn did-o - 3 jno Jll'ODAm *7nejn:i mbxe/n nDO 


cpbnpn minn dd’o 


o'*id/nid/nn ,11 nn min omm mnon nii/K .mrnbin mid/n zminn ■■bnii/n mm Nin bnpn .1 

.mbnid/n mAiiN nmANb -pm □‘"bnid/n onyun nmANb 
mnynid/ nnn npnb ourn h -1 by yynnn bapn nN mmmnn D^mbinn nid/ nryu "pbnn .2 
+g Nin immbmn inN by p/unn nryun -pbnn nion .nnNn -pbinb mmbinn mNn pon 
by bbiDn lyunnid/ nb d^) g punn pyu bnpnid/ onniN nrn nnpnr .-g nnNn byi 

.(ooNb nnid/ bnpn 

□ipn .gocF icmpnnid/ -p ,T*by byoinn V nnnb niy omn N^m bnpn by g punn .3 
"p , (Capacity) /'bnpn bid/ bimpn" Nnp:n C nwi prion pnnNn nid/p=L n^iiDODn 

,g = CC :n"pnnw 

bnpn bid/ C bimpnid/ bnpnn nr iid/p ■■d by . C = Ag / AC-id/ bnpnn pnnNn nid/pnn .4 
nmm .nnN nnn nTnn vby nnnn nrid/ npy i^iin ,bnpn by punn nrid/n nN Nunn 

.F mNn mmom inind nNnpn C/V N n n nr bmA 
□n inn pbipn (iop in biA) mnid/n rby punn nid/N bnp Nin inN tnind ibimpid/ bnp .5 

.ton ubnn vby nnnn nN (omupn in □‘‘bmAn) Dntd/n 

:niNnn mnpm nN .6 

nnnn nmnn mom bnpn bid/ D^om^n Dnnnn pn nbn bnpn bid/ bimpn .n 

.DO’binn mid/ pn (^upb^rn) 

□m^nn □‘‘b^nn □'‘bnpn bid/ bimpb onn nNn bm bimp Nin inN inind bid/ bimp .n 
in nF = lCT 9 F ,pF = 10 _6 F inn nnup inv mmmn mid/nnid/n pb mnmnon 

. P F = 10~ 12 F 


ntd/ND ,C = s 0 A/d piirnn 1 T by pm rmmb pn pn mion mid/ mmb bnp bid/ bimpn 

7 C 2 

Nin e 0 =8.85xl0 -12 -r--i mmbn pn pnmn Nin d ,mmbn inN nuid/ Nin A 

N ■ m 


.pnn bid/ ■‘lopbNnn oipnn 

Nin C nid/ND , C' -f r C inid/yn bn ibid/ bimpn ,bnpn mmb pn mn min □'‘omnn on 
iTonn nmnn bid/ ■'nopbN''in ympn Nin s r bniAn .'‘nopbNn min Nbb bnpn bid/ bimpn 

.mmbn pn oimnid/ 

m^Nnn □■‘•*io' , nnn inN '-p by mini ir n^mN .mbnid/n mbN^ioiD n^mN iain pyo bnp 

a 2 

E = \QV = ^ = \CV 2 
2 2C 2 


.7 


.8 


.9 


D"ir 

"]1“in pr Donm ,bAynn nN DnAioi nid /- 1 nnn npn bN nnr in nnN bnp □nonn m d/ND .1 
.□nbid/ □‘‘'•Dio □‘‘ 3 ‘iyb myAn mbnpn by omnnm Dmyonnid/ ,Qmyo] □'•bnpn ^''Don 
bnpn nN cmp mnAnb i□'•bnpn by ty'Dion omnnm Dmyonn nN md/nb bmii v mn by 

.□‘‘bnp nnyn bi u bipid/n 

yam nnnn mpnii/ -\d pm o-'bnp inyn T^nnb ]nn mid/ mm bnp Nin bipid/n bnpn .2 
bnpn Nin bipid/n bnpn ,pb .lbio □‘‘bnpn nyn bid/ nryun nnnyb nnr nnny inryon 
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.□mmn nPDpn nryui mnyn \u iyun mnD nniN "on t ayn^? nnnn mpn 1 ? □nr "ii^n 
■mptyn 'yiipn ^?ii/ yimpn .]yun mnD nniN iddi mziyn 1 ? r'yy nmny nniN y^n 1 ? ■'td -o 

.'"rpiyn ^irpn" N~ip] 

nnnn mpnty pun 1 ? mny m'pDp mty'yD pyn 'yty ‘nptyn 'xnpn t>y ]yunn :mpon .3 

.n^N □'tap ^ty nryun T^nnn amr mayn 

[□■‘■‘pnn mum Dnninnn mtup may .4 
.□mty mtopn to t>y Dnyunn .n 

□’•'pDpn -rnN t>y iyunt> mny idtt rnayn nnnn mpnty punn ,nryun ■y'mnn .n. 

.td^d mum Dnnnnn 


□Pupnn m* t>y pun 1 ? nnty non □omnnn □"‘top yiyn 1 ? yiptyn topn ^y punn .a 

.nt?Nn 

pt* 'yy "pm non □omnnn □■'top n t>iy ^ipi i/n tnmpnty nom 1 ? ]nn .5 

_^_J_ _1_ J_ 

Cr~c, + c 2 + "‘ + C„ 

dido Nin idtt noyn nnnn mpmy punn ^opnn □"omnnn m'op nryu TtmnD .6 
t>opnn onmnnn □"‘‘op ^\u tnptyn topn t>y punnty ,*|NDn .n!?N mtop t>y onyunn 

.nt?N □"'top ^vmj Dnyonn dido^ mny 
t>y "pm yopnD onmnnn □''top n “yty tnptyn tnmpnty nomt? pn .7 

.c r =C 1 +C 2 +C 3 

mmnD. in tropnii .nua, Dnmnnn □"'top ns)on D'trDnn □ v, t?nfcyn mt^ynD ‘yiD'un .8 
nnNbi , C r .tnpiyn tnmpn nN ntrnn n^n 1 ? vj' .nty nnn mpn t?N (mum trnpnn) □tnt'/n 
ty"» mtopn iNty ^>y □nyunn mtyn'? . Q T -sC T n 1 t>y tnpiyn topn t>y punn nN pn 

:iy mDrt> 

.tnptyn topn t>y punt? mity non onmnnn m'opnn ~rnN ■?□ by punn .n 
. tnptyn t?apn by lyun 1 ? mny ^DpnD □■'nrnnnn o^Dpn 'py onyunn didd .d 


p-Hjm p^^pnn ikp p~ir 

y'pnn dpd mN 1 ? pn3 nnnn D^Dpn mimi D^np D^^nn m^niynn □■‘’pnynn .1 
nmy ,nnnn mpn oy mno l ?i'?on mn^r Dnn p'nn in □rnmn dn pNr nmy 1 ? .nD^yun 
nnN 1 ? .mmmnn^ ly ,mnnnn Dnntyn onnm mniT .nD^yun "i^nnn .onr dddi 
□it ^nynn inu priD nmND yynnn nt>N ‘py nnnm Dim mtyn .rnn^nnn 
^?y □"‘nnnm D" i niTn miy’n nnN 1 ? .Q-'Kxm dpn □‘‘bnpn i^nd □ , "rn3 o^Dnr\ n^ 

.□^Dpn *?y Dnyunn nNi omnun nN on Did/n!? *?D"i] pnnyn onnn 

‘papn *p^ nryun 

N^m pounniyD ,Nnn miyinD iNinnn *?nynn .1 
.■?Dpn *pii/ nryu 'pnyn iNnn ,1 D^snn 
‘PDpn ^?y -|yunn ,D*irn ,nryun i^nnn .2 
^ty n^pTiDD onniyn mum 'yapn 'yy □■'nnnm 
.□n 1 ?^ □"'"‘Dion □"‘Diy^? □"•ynn onty ny pm 
“?y nnnn 'yiy ,ddn Nin Dim *?by ■'Dion inyn 
‘ptyi ^ Nin 'ynpn 'py nnnn 'pi'/ ,p on ddn imn 
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■ Smax = «in tapn ^>y iyunn 
nnnn ^npn t>y nnnn ,Dnm noni'/n nx miNnnn D^io^n □"'Amn -pD^iy n^nun 


:- v •••/••• • ■ , 



■?Aynn nmAo yAin mm Kin / max ik/no 
./ inax = £/i? ’T ’Ay yn: mm (7 = 0) 

l(‘) = I^e-‘ ,RC 

bwm Dim 


V R (t) = ee mc 

iA3n by nnnn 


V c (t) = s( l-e-" RC ) 

■xipn by nnnn 

^opn by ■'did n iyunn mn g max ik/no 

O ~Cs 

^max 

Q(‘) = Q^( l ~ e ) 

^ipn by ]yunn 


nryun ^ty pm yop Nip: nr 'ptia .pr mTn 1 w' b'bn d^lphii y’Diniy RC biub 
37%-’? m^yun i^nm ”iiy _ r l ? cnr 1 ? brum pm jin Nunn nr 'atia .(r = i?C) r-n piom 

:jt , dia r ‘rriAn Aam ?on □■‘linra .i^k/ ^nmpnn yiynn 



.3 


.4 


iyunn n* Noon pm th pm Dim b\u ^pAn yn m'Aon nuiyn .□‘•enra Amnn tia:i .5 

.(e ma!t )n3-‘yun ybnn «tio:i ^npn ‘py ^ron 


!?npn *?k/ np n iD 

.■pipn np-nD bwn D^npn ,2 nan^ nbynb □ , »KnnD. ,poDnn fin □-‘T'liyn nym) ,1 
by nnnn ^npn by nnnn ,cnm non^n n* D-nxnnn □'mu'Q □■'Asm n^non .2 

_ :*?npn *?i^ npnon ~|b>nnn pm *?ty m^pnpp *?npn *?y ]yunm TAin 


*aa ynn nmAo yAin Dim mn 7 max iii/>o 
• ^max = ^ / 7? ■'t* by yin: mm (/ = 0) 


^Aynn Dim 


V R (t) = -ee-' /xc 

“mn by nnnn 


V c (i) = ee“ RC 

'Anpn by nnnn 

:bopn by ■'Dion iyunn mn g inax H£/no 

2max = 

Q(t) = Q^e- ,mc 

by iyunn 

■pnpn 


■yiynn 31%-b np-npn -\br\n2. ~vy~\b cnr 1 ? lynmn pm n* Nunn x pm yop i no da .3 

.t>\u ^mopnn 
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w^pj. ni'jji - 3 Jipcmm ^niyna ni 'mwa “ido 


□^npn nvyn - 3 p- id 



.Tity'pD nn^n cp'imnnn o^np ^nyo t>fcy yiptyn 'Anpn inn "run .n 
in nmANn ]yunn ninn ni/pnn D^np “pyn b\u yipid/n bnpn □ v, p )r ^ nronn 'nn y^x .n 
□■>^npn -pyniio nnu/n Dynm ,nua cmmnn D^npn -pyntd/D nnN oyn :Q-npn ne/n 

.yapnn nmnn 

nT* “?y iim nan cmimnn □‘ ,1 ?np nii/ ^\d C t 'npiyn ‘nx'pn *0 ram .a 
*?3 pn ‘piy Viiryn Nin C 2 -i iitd/^nn *?npn ^\u ^rpn Nin C x m i/kd , 1/C r =1/Q +1/C 2 

.niyn 

, C r =Q + C 2 pt ^y lira ^npnn Dnmnnn a^np nty ^ C r ‘ript'/n ‘rmpn -»n nnn .1 
rmn *?npn 'At'/ ^irpn Nin C 2 -i ptd/Nnn *?npn ^\u 'pin^pn Nin C, nd/ND 
in^npnn inN t>n 'Ay lyann hn ntd/m tid'a n^xmn o^Aynn 'Aipi'/n ‘Ainpn jin nti/n .n 



.nryan T'Annn i:m nnyn nnnn npniy iyonn mna tin V'm m'AAynnn inN 'Ann ntd/n .1 




3p*1D/2nyn 

■?n ^td/ D^nnyn .*Anpi on] nynnN .Vwtn nnn npn ^nniy ^nid/n 'AAyn A*m 'n o^im 


.□’K/ira mmtdn □■'■‘^niynn onmn 



126 





_ jii'in - 3 pap ni'OJAni framra jii^xgjn 190 

:yiyu *?npn in n^nn m^nn □‘■myn n* nii/n .n 
. / 4 -i I 3 ,/ 2 ,/ 1 □’•mm n* (1 
.□■•Tun ^?y DTinnn m (2 
.■pnpn 'py nnnn dm (3 
.t>npn ^>y -|yonn n* (4 

- , ^ , ?l y / -jy UD 3 hpnt ->3.vr\ iyunn iyui ^npn mm 1 ? pnn ,nib nr* ynp .n 
nNinnn 'ppynn 'pnpnii/ ‘•id ^"p^ D'O'ny i? 4 -i 7 ? 3 ,i ? 2 »^i □’’“r^nii/ on’n inn xxn .p 

.-[nmiyn nnon -iyu" n 1 ? 'n o^nra 

■pnpn 'py iyunn n* niyn ,’n D-'E/inn iNinmy "■on i^in mnn 7? 4 i^n n* nyn Q-'D^nn .7 

.nr n*nn 



mnnyn .D^np niyi Dn^i niy nnn npn 'p'nniy v ?niyn 'ppyn p*m ■yuD'piy D’Knnn 

.D-'iynnn mniiyn □ v,l ?niynn D^nonn *pn 'piy 


#1=80 

j—Wv 


Ci- 3 nF C2=6nF 


7?2-12n 

AA/V 


£x=40V 


imttnn D‘ , D‘ , yon *?y my .□‘•'•non D v pnpn nryu T , '?nniy mn 
.o-'-mn *py □■•nnnn nNi 'ppynn onrn nN niyn .n 
.■ piipniy nmiynn myniyn t\k nnom ,!?ipiyn 'pnpn but 'pin 'pn nx niyn .n 

m'py nnnn nxi 'pnp ■?□ 'py iyunn nN niyn .p 
:> on mn^nniy □'•'pnpn niyn in* 'pd 'py iyunn nN niyn .1 
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jimvi- 3 pno Tii'imni 'iniym ni'jNwn ido 



pE/nm □■‘E/ini A^inn -^nE/n ^yn ]in] 
:cpN:in D^yon by nay .□'■■'non □^ipn nryu ■y'pnnE/ pn3 

.^ipfcyn tapn *?e/ !?irpn n* nE/n .x 
.vby nnnn dm □"‘‘pi.pnn mx bo by ]yonn nx niyn .n 
.Q'b^pn bin nmANn n^nE/nn n^N^mon ii’AUNn r\x nE/n .a 
.D^ npn b\u nryon y^nnn ypE/n nnnn mpnE/ moyn nN HE/n .1 
.nryon -p^nn -pnnii im -»t by noiitfn n’AiDNn nx nE/n .n 


C 2 -8nF C3=12nF 



_II_II 

Ci=3nF 

11 If 



O’ 

1.2nF 

II_ 


R\=%il 

_A A A 


11 

£=10v 

V V V 




.yisb A^mn ^nE/nn taynn \\m 


£^20V 

Cs=6mF C2-3MF 

— 

Si 

- ^0 - 



crryo Dr*: cr^npm d^idd □"•poann nt u n^nnna 
.mnD S 2 poDnn n* on^NE/m S 1 poonn n* etiaio ie /xd n^npn by iyonn on aE/n .* 

poDnn nx criAio pn nn^bi S 1 poonn nx d^hid pi pr^ iiao n^n S l poonnE/ ion 1 ? .1 

.nr mm oPapn nE/n mx bD ‘py ponn on iE/n .S 2 
in\ bo by mo^nE/ ponn n* nyo iE/n .711N pr □ i rnnm .crpoonn ie/ nx d-'iaio .a 

.D^apn nE/n 

cpinnm ^?Aynnn D' ,, ?ipn nE/ on D-Winn ,'a rpyoo iNinnn urnn piNii nryon in* 1 ? .1 

:ie/no Dpopn nE/n rnx >0 ^y ponn nx nE/n .nr 1 ? nr om* 
.nnrn p-»on • ,, ?yi mm!?n nN -nra □■'linn (1 
.TAonn p-*on Pyn mnPn nx in-a □* i iann (2 
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:ity?o *?3 'yy nnnn n*i lyonn n* 3 tym TiD^ty ^yn^? omTin 


l 2 


-0 

o- 


C2-4Co 


^ - 

Ci=Co 



___ 


C3=12Co 


.1 nynn N^ni poonn .k 
.1 3^n3 31 inr niity inN 1 ? 2 3yn^? poonn nN □ 'Tayn .3 
. C 0 -i f cr'yian myyDN3 “pmniK/n nx nu3 



■nvjKD , l ? 3 p 'pd ‘yy nnnn n*i lyonn nN 3 bym ^yn^ on^nn 

.mnD S poDnn .n 
.had S poonn .3 



j Ci=4nF t 

C 2 =6uF 


\ 

| C3=6dF 

1 

> 

S 

C4-2nF 


s=22V 

l_ 



l 



.nu3 □‘•i3innn ^k-'T'k nnn npm “m ,'?3p ‘yin -piD 1 ?!'/ □■‘ti/in3 iNinnn ^ynn 
oiDin ^pn mm 1 ? pi -o cu yim . £ Nin nnnn npn ^ty n"fonm i? N^n xon miainnby yim 
imnn mnno ,'?3pn ’TQ-'pi ,£ r Nin imnn bw nop^m yi3pn iiop'?^! imn 

C Nin /nop'pNnn 
:nN mynn mm my^nN3 no3 .n 
. l ? 3 p 3 ii 7 Nn ^nK/nn ]yunn (1 
,‘?3p3 nniNn n^ntynn m^N^ioion maiiNn (2 
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□■•japa ni-jn - 3 piD ni'ODAm *7nwra nrtNe/n ido 



.■?apn nryo i^nm y^an nnnn npniy nnayn (3 
.nryon y'inn i!?nna na^N 1 ? na!?inn mniNn (4 
■?apniya .^apn mm 1 ? van -Hup^Nnn imnn nN .a 

imnn nNinn yr iiyn ■•a pn] .nnnn npn!? nainn viy 
t-RC iiyNa ,r 0 = 2r *?apn mm 1 ? van ■nup^Nnn 

myan mm nirya Noa .*?apn m->yu ^ty inrn yiap Nin 

:nN (optn in) 
Papn !?y ]yona nriyn (1 
nN^mn nN^ina "nmin" nnnn mpniy mniNn (2 

.■nup^Nnn imnn 


.■?apn mnP yin ■nup^Nnn imnn nN*m n^nna ypun'? urw nnayn (3 


aiyn .nnnn npnn tapn nN □"‘pnim ,tupn mmt> yi ^ 'nup^N'Hin imnn nN □'•nmn .x 
hn Noa .^apn mm 1 ? yin nop^Nnn imnn nNbnna nya ypiyn!? ty>ty nnayn nN 

.Dp'pn in myan mm nirya inauyn 



n n NanE/ ^n^tn nnn mpn ,R imminniy nu nua onainn -pia 1 ?^ mjyina iNinnn ^yna 


.(nup'PNn nmn ^an irN !?apn) C Pia^ty *?api s t>\u 



:nN (op^n in) myan nn] mynnNa Noa .n 
.■? apa haniI Pniynn -jyunn (1 
Papa nnANn nPntynn nPN^iuion mniNn (2 
□ipnn .nnnn mpn 1 ? lainn v^v ^apniya nan nmn ^apn mm!? v^ ^ mooan .a 
mm!? v^ ■*iop l ?N"'in imnn noian ]nr yun ■'a ym .s r Nin imnn bi y '*iup l ?N‘‘in 
mm nirya Noa Papn nryo bw inrn yiap Nin t = RC iiyNa ,r 0 =0.5r Nin ^apn 

:nN Dnn p!?n in myan 
.nann imnn noian apy ‘papn ^y iyuna nriyn (1 
.nann imnn noian apy ^apn ^\u nPniynn n^N^ioion miaiNa nriyn (2 
.mni 1 ?.! yi !?n nann imnn noian -p!?nna nyyannn nnnn npn nrnay (3 
/nup^in imnn noian i!?nna nun 't t>y naa^in n^iiN.i (4 
P=ipn mni!? yi *?n nop^Nnn imnn nN onan!? na ypiyn 1 ? vj^mj nnayn (5 
nnnn npnn *?apn nN d^p 11310 P n mN^i ,mm^n yin 'nup , ?N ,, in imnn nN □’wain .x 


130 





□■■lapa xii-yi - 3 jno TiMumii ^nwnn nrtNwn ido 


mpjQQ ypu/n 1 ? tyby mnyn nx nii/n .mm'pn yn \>k -nop^xnn imnn nx cronDn xik/i 

.mm'pn yi "?k nnnn *imnn nx o^Dn 1 ? hd nr 



□m A xm d nn mx ■?d *?ii/ notyn ,p-n □"p tapn mm 1 ? nty yu .mm 1 ? *?np asnn V □■‘ti/nra 
D^mn 'ynpn nim^ yaty ^nn nx D^nn pn nnx^> .nii/nn inxndpnnn o’pnnn 
■‘dd DyDi ,'i EPtinra nxrn nw ‘•93 ays ,s r2 -i s rl □■'■nup^xH o'mpn ^yn DTiby □’Ton 

,'a □■'li/ina "ixmnK/ 

, d ,A [□’•'mn my^snx:i -)n:niyn nx X 01 .Q-npnn nbypbyn mx ^02 "ynpn Viirp nx 3byn 

.(□nn p^n rx) e r2 ,s rl 


d -► -- d -► * - d 



.(□^nn nx^) Pxm *n nnn mprPi “m 1 ? nui minn m ^y tap Dnyiu 

lie 



.s xm nnnn mpn bby n"xDm <i xm mini 1 ? yn pnnnn ,C xm 'pnpn ^lTp :yn] 
ly *?npn nmP niy nx □-p'rnn ,nnnn Tipn 1 ? ninnn yny tapniio .nnyun -p'pnn o^cn ■* 
yop xm t = RC iwkd ,t 0 =3r xm mm!?n npnnn -y^n inr ibyn .nrn nr 4 d pnnn 1 ? 

:nx .□p'm nx d'pid ,n- , ynn mn: niy*nx:t xin .nryun ^\u pm 

.*?3pn *?fey hymn ‘?i:rp n (1 
.■ynpn *?y punn nrbyn (2 
Pupn nPnbynn nVwsnoiDn n^ruxn m^byn (3 
.nim^n npnnn ■y'mn n^nnn -mn ‘‘T* 'yy nDn^n n^mxn (4 
.nr -y!?nrQ nnnn mpnzi nnaxm n^nDxn (5 
.nirn^n npnnn ■y'mnn nypiynn mnyn (6 
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ni-yn - 3 jns Jii'imni towra ni*7xwn ido 


nr n^m .nnnn Tipn 1 ? n:nnn yny bipnutD pn'pnnnn pmnn bn mm^n fin □* , T>rnn ,n 
fin zuyn Ad but pmn bn rnn^n fin 3.m □vnin pn inN^i ,nnnn Tipnn ifun opron 
.□nn pb n in npnn ’•nFi: mryn "}Fimtvn fin Nm .nr "p^nra y'putnb kpk/ nmnyn 




nono 1 ?!! □’nnnn nrinn mpn 1 ? 'rapm .£ poDn 1 ?! n 1 ? nr\n Tipn 1 ? mm 'mp D'niinn 

.('n cpiinn hni) 



□fd 1 ? ny biym cpp-rnn nnn dn niD'sm run "iunu!?nm ,S poonn dn D’nxio r = 0 yam 

.nT-ran niNinn fin nNnn ('d. □■»urm) ■ym'pi'/ ^pin ,^apn nryu 


70 


60 


50 


40 


30 


20 


10 


0 

0 0.4 0.8 1.2 1.6 2 2.4 2.8 /(s) 

.r rrirwn lnnunm s nnnn mpn but n'Von ,0.01F ‘mpn b^p :pn 3 

:fin nK/m *p;a nryn .n 
. nnnn mpn 'Pty n"Non (1 
.nnnn mpn ^ mmDn nrmnnn (2 
.poDnn nmio ym ‘piynn Dim nN myn .□. 
.nryun "i^nn 'mpn by ponn food fin zuyn .1 
i^iiT'fcy D'mrfc ut\ nnn infi .nnr pp I'mirpby nnN b^p oy oyDn in ,non ifiin by □■'inn .1 

.nr nnpnn ’n o^nra nNinnn ‘pm 


K(V) 


n d^id 
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ni'in - 3 pis jiMOuni ■mu/n:! m^Nwn ido 



n^n 1 ? poDnn mnyn ■•t* ^y “mn fn 'pup cruyio ■pD'pii/ n criyinD. iNmnn ‘wnn 


.2 pDDDn mnyn '•■p ^y ”mn ~pn 'pnpn dm d-*ptid ,pn nnN 1 ? 



'n □■‘linn 













































_ ni-yn - 3 p-ip npcnam ‘yne/m ni^xmn ido 

. i? 2 -i ^ D-'i^n ■'Dbvn m* *?d bty nnwnnn n* ntym monm ■’Dii/n nryn .n 

.nnnn mpn 'pty n>Dn n* nu/n .n 
.nryun -ytmn ^non 'iipn ■jy iyunn nN myn .a 
lop Kin ,t^co Ty ^0-n pm yni 'k cpi'nnn ^pan yn Ni'PDn nuiyn on ynp .7 
. t -> co 7y r = 0-n pm 7^ ym 'n □’•I'nnn ^yim yn. Niton nmy 1 ? m w in 
7Mn ’•t 1 t>y nsnan n^niNn nm ,nryun "y^nra yyiin nnnn mpniy n7inyn dn niyn .n 

.nr "y^nm 



poont> ,R = 20000 7;ut> mon nznnnn C tap ‘roniy ,tap b\u nryu tayn 7Ninn 'k a^nra 

. s '* i ?n''7'*n nnn mpntn S 



k o-'K/in 


m^o yA7n ,|nrn *?\u n^piiDD 'iipn 'py iyunn m m dn 7Nnn ('i □'■lyin) -yiDt>ty *pan 

.tupn nryu cmot> 7y (t = 0) S ponnn 


Q(C ) 
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ni'jia- 3 pid ni'OJAm ■yne/na ni'iNe/n ido 


.Q(t) = Q max (l-e t/RC ) nunan ■‘T 'py yin] pm *?e/ n^priDD ‘papn 'py iyunn 

pr \u mynE/nn mn yapr Q nay ncaa aryn ;pr ^>\u nrrrr t-RC 'piu^e/ nNin .k 

.'a D^Enna 7Ninnn ^pAa nr 
.■?apn ^?e/ i^iap n* aE/n .a 
.nnnn mpn *71 o n"Nan n* aE/n .a 
,t □■'id n yra Vm yiD’E/ A^n nn yap .7 

& _ .1.5s ,0.5s ,0 mnnra ^nAn yiD^E/n* aE/n .n 


£5=200V 



,R X =20000 :yin] 'n □■’Enna amn nn ^Ayna 
V?e/ n’VanE/ nnnn npm ,i? 2 = 25000 

o^apm , S posnn nx DmAic t - 0 y;na . s = 200 V 
□■nNinnn □'■DnAn .lyum 1 ? D^nnn C 2 -i C x 

nE / ^e/ nryun mar dm □n^nn 'a-i 'a norE/ana 

.□•‘‘papn 


'n □''Enn 


/(A) 'AD-enn /(A) 'n n'erm 



*(s) r(s) 


. C 2 *?apn nryu nx n*nn ^nA nr^i C, *?apn nryu n* n*nn ^nA nr* yap .* 
.□^apn nE/n in* t>E/ Viapn n* aE/m DTinm omnAn nE/a nryn .a 
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n i«ia- 3 pno Jii'OiAni ^nwra tdo 


■ (/ -> °o) TiNn ‘Jn* lnr in* 1 ? n^npn -niyn inn 'py nnniwnn lyunn nmD n* nu/n .a 

Tiny ,nnn ’pha ,*~>qo iy r = 0-n inrn ts ym nrn NV?nn nuiyn r pi nr* my .1 
cpyip-'iy 'py oonnn ^raiif/ra ?'a D’linru nNinnn 'yun may in 'n □•'lynnn nNinnn 

.m'pn d^pto 

iyin ^npb miN Dmnm yyu Ninao V □■■linnn iNinnn ^ynnn C, *?npn n* ETN^m .n 
inr nn* 1 ? n 1 ?* D^np 'wm inn *?d 'jy lyunn ninn nN nti/n .C 3 =3Cj i^av^ yyo n^i 

.3™ p^Don 



• £ = 10V i ^ = 5Q , C 3 = lyF , C 2 = 2pF , C, = 6yF yim ‘t , ]d^k/ ’wnn 


R\ Ci 



:ntyn ,mnD S poonn nti/TO 
.D^npn myibid/n 7n* bo “?y nnnn nxi -|yunn fin .h 
‘(K b ~K ~K) b -i a rimpin yn nnnn nx .a 
n?^i nryon ■y’pnni nnnn mpn y'piyniy mnyn nx ,□ ■‘bnpn nmiNn n^m^n nN .a 

•DH^n n 1 'py nmsan T’mNn 

ntyn ,niAD S poonn iwkd 
.□"•bnpn nti/i'piyn nnN ^0 'py nnnm ]yunn n* .i 
■(^ =^ a -F*) b -i <7 nmpan yn nnnn nN .n 
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3 pis ni'va inns ncuuni tawna ni'iNvyn is>o 


□'■Ppa nvya - 3 pia nvya inna 


■Qt = Qi =0,2 :n-n>nn 


Cr 



[pid/Nin Pyna n^prin 

V = V + V =^1 + ^- 

Ci c 2 

:D^P nn Pyna ■•aid/ i^n 


:Pp] DnnnNn cpiid/pn nid/n p 1 ? 

Q r __ Q i | 62 

c r c, c 2 

nypnn Pp] ,Q r =Q =g 2 :D-*pnnii/ yivan 



:ynnNn 

_L-_L J_ 

c r “ Q + c 2 

^apna nnainnn d^Pp nty nay .i 

D^nm iNinnn Pyna "p nw 1 ? vmr\m 

:*an 



on^id/ yipii/n Ppa nP D^Pp □''D^nn on 
:* an □'•anna iNinnid/ ■»dd 



Ppn Kin crpp -pyn ^ ^ipK/n Ppn .n 
□P pn n* n maPn □* hj/n Tmn 
T^nna y^a 1 ? nnnn npn 1 ? map DTimn 
nryu “yPna ma rniay nniN invyu 
nnnn npn^ on* wn imto ,nP oPp 
T'jnna naynti/ pun iniK iam Tayn!? 

.nP nPp nvyu 
.a 

□namnn oPp naon nvyu yPna (1) 
pa pi pun nayn nnnn npn ,noa 
.D v, Tis*n oPpn ne/ *afei/ □"n^nn mm*?n 
pan .amp '•t* p □nyu] ninPn ini'/ 
p nnr punn mua Dnamnn oPp nayiy 
nnnn npnii/ pun 1 ? nrim oPpn P 
.nvyun -yPna nan nayn 
punniy Pp: 'h ^yoa nimnn ■‘D p p 1 ? 
m* p Nyn]n pun 1 ? nnid/ ^ipid/n Ppn p 
.nua onainnn oPpnn 
/vapna onainnn oPp nvyu yPna (2) 
mao'? nniyn pun lan nayn nnnn npn 
p punn ,pan .nP Dpp p □"nyunn 
Ppna onainnn oPp *a»i/ ^ipid/n Ppn 
.nP nPp piy onyunn mao 1 ? nniy 
:nua pnainnn ppp n^/ nay .a 
nunna ixmnn Pyna ~p qiP wnnm 

:^an 



Q l =Q 2 -w □"‘‘‘pnn iid/Na 

*?ipty Ppa nP ppp “nty n^nnb p^n 
p p^p^ Q^ina iNmnn C T 
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3 jnD m-yn inns ni'imni ■jne/na mbNvyn ido 


( 2 ) 

F R1 =2x10 = 20 V 
V R2 =2x8 = 16 V 
^3 =4x6 = 24 V 
F /? 4 =4x3 = 12V 

iD^pnn (3) 

^ = Ka + = -r M + = -20 + 24 = 4V 

(4) 

.Q-CV bc =(4p,F)(4V) = 16^C 


, J^, c >0 -*3 Diipn iDNynid/ nnNn .n 

bnpn bid/ pbyn nibn pb . V b >V c -\u bnpi 
ymnnn i^ni nm bN^iuinn nxm 
bnpn biy ynbyn nibn ,inb pin] bN^iomn 
]yunn pun pnnnm ■urn punn pm 

b id/ 


lo^pnnb -pn* pu - " Nb bnpnid/ ’td .a 
: bnpi nr "Ninn .V h =V c 



:bnp] nbN □■‘Nun nid/n 

A^i = 

I2^2 ~ IA ^4 


in ir mmnxn niNnid/nn 'rwu nx pbm dx 
:bnp: ,/ 3 = / 4 -i I } = / 2 joniypn td/nnid/:n 

A=*l 0 A = *2. 


R> R 


R, R< 


v 2 ii 4 ^4 

xb bnpnid/ -*73 □ v, pnnb "piidid/ -winn mr 

.po" 

'pup] ,nryon ybnn dvd nnxb .7 

e 36 


/ i =/ 2 = 


^ + ^2 10 + 8 


= 2A 


bnpn by nnnn .□■‘td/nnn iwnnn n*nn 
pb , = V bd : 7Ain by nnnb mi tv 

:bnpi 

~h^i = 2 x 8 = 16V 


:bnpi pb 

Q = CV bc =(4(iF)(l6V) = 64jxC 


Ct 



. 2r = Q + g 2 :nniAnn ■'nb □"pnn tx 

-i Q 1 =C 1 V ab ,Q l =C 1 V ab \D"pnn\iJ inon 
■v Q t = Qi + Qi iii'pnn , Q T = C T V ah 
CrK* = C 1 K t + C 2 F at 


C T = c, + c 2 


:bnpn nr nid/pn 


i-pid/xnn bAynn Tiny ,n 
C n = Q + C 2 = 6|aF+3juF = 9pF 

ro^pnio nr bAynn 
0 =C 1 f = 6 (uFxl 8 V = 108^tC 


e 2 =C 2 ^ = 3^iFxl8V = 54^C 

:nid/n bAynn mnyi 


1 _ 1 , 1 _ 1 , 1 


C r2 = 2pF 


C r2 Cj C 2 6 juF 3fiF 

io^prin nr bAynn 

Q = 62 = Qt = Q* = 2 pFx 18V = 36 jllC 


bAyn bnn nnnn mpn mnynty punn .i 
bAynn pb .bipid/n bnpn by punb nntd/ 

:bnp] pid/xnn 

Q e =€ i c n = 18V(9pF) = 162jiC 


:bnpi niyn bAynn 
& = SjC T2 = 18 V (2fjF) = 36jiC 



.N 


h~ ^2 ~ 


h=h = 


:\u bnpi iyu] bnpniy nn^b (1) 

£* 36 


R j + 7? 2 10 + 8 

g 36 
7^3 + 7 ? 4 6 + 3 


= 2A 


= 4 A 
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3 piD jiMya innD ni'imni ^nvyra jiibNwn 190 


&=F C4 C 4 =(3^V)(1.2nF) = 4nC 


, C 3 -i C 2 .D^npri •'3tyn inN bi by ponn 
:Dnbiy bipiyn bnpn by pun 1 ? nniyi nnr 

22 = a = ^,A, 3 =(3iV)(4.8nF) = 16nC 

=>Fc2 = a = 16nC :=2V 


Co 8nF 


^ a = 16 nC = 

C3 C 3 12nF 3 

m™n n^nid/nn n^N^oiDn n^rn^n .a 
bipn muNn nniUNb nniy Q'bipn bin 

:nnbty bipii/n 

£ r ~\C t £ 2 =^-(2x10~ 9 )(10) 2 =1x10' 7 J 


ya Tayn nnnn npn ,nryun i^nm .7 
bnpn by ponb nntyn pun ibiy croupri 
- b nnkyn pun im 1 ?: .□■'bnpn bo b\u ^ipiyn 
yinn nnnn npniy nnnyn ,pb . g r 

:b nnty nr -pbnnn 

^=g 7 . £ = (20xl0' 9 )(l0) = 2xl0’ 7 J 

ypiyn nnnn npn nryun 'y l? nnn .n 
pi it nmy “pnm , 2 x 10“ 7 J nbTuty nnny 
n^n^n n^bN^DUiD n^iaNb "pin 1x10 7 J 
by ,lxlO" 7 J ,iNiyn .o^pamAwn 

.□in'? “imn irn^D ,i^n ’T 



yiTon ,odn ^n C 2 by punn ninn .k 
:Nin C x bnpn by punn .odm vby nnnniy 

Q = C,s = (6xl0"‘)(20) = 1.2xl0' , C 

.bpnb yinn Kin nr mpnn nnnn npn .n 
iy □ , 'bnpn niy yn nnyun myn lyninn 
.nnniyn Dnbty nnnniy 

in^b yiyNin bnpn by ]yunn n* inm 
by punn n*i , Q[ -n S 2 ponnn ni^o 

;bnp:n ^Pn 

:punn iin 1 ^ .1 

(1) Q[ + e'=1.2xlO^C 



+ R 2 8 + 12 


Vri =IRi =16V 
V r2 =IR 2 = 24 V 

.3 

— = —+ — =>C r = 2nF 

C r 3nF 6nF r 

■'3ty nx □■'□ , 'bnn on \x^n nmid/nn mynid/n 
,2nF ibnviy ^iptyn bnpn Dmn:n □■‘bnpn 
rnx bn by Nymn pun miNn pu^ Kin 

.nbx □'‘bnp nid/n 

Q=2 2 =g r = C r F* 2 -2nFx24 = 48nC .A 

a = 48nC =16y 

C1 Q 3nF 

= l?nC =8V 
C2 C 2 6nF 

:pb ,24 V Kin bnp bn by nnnn nyn .1 
Q =0^=31^x24 = 72110 
g 2 = C 2 F 2 = 6nFx 24 = 144 nC 


1 1 

+ 


C 23 8nF 12nF 


=> C 23 =4.8nF 


C 234 =4.8nF+1.2nF = 6nF 


1 1 
+ 


C T 6 nF 3 nF 


C T - 2nF 


:Min bipiyn bnpn by punn .n 
g r = C r e = 2nF(lO V) = 20 nC 
:bnp3 pb . Q bnpn by punb nniy nr ]yun 
Q = 20nC 

=>F cl =-^- = ^^ = 6fV 
C1 C, 3nF 3 

:bnpi ,V Ci +V C4 -e :D^pnm in^n 
V C4 =£-V r , = 10 - 6|- = 34-V 


ci 


:i\in 
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3 jn9 Jinyn |nns JlMimm 'mwm. HI‘iKWH "IDO 


*?=LpD ,2 zi^n 1 ? poonn n* □* , Tayn nsi/ND 

pd punn mn , 'ty prnn 

(i) Q'+e;=c o£ 


^Gl = Ql 

c, 


:D‘ , nnnn ypini/m 


C r C 0 3 C 0 


( 2 ) ^e'=3e; 

1 n^mii/nn 2 nNni'/n jin :ryj 

2; + 32; = C 0 f 

^e;=iQ S 
=>Qr=\a = \C (i£ 

D^np 'piy ^ipid/n ^?npn m^n '■d 'py 

i'pnp:) ,-nun D"'ninnn 

02 — Q} = Qt — 7 CoS 

:t>=ipD p 1 ? 

F = & _ 4 0Q g 3 „ 

C2 4/^ 16 0 

0 2 


F _ 03 _ 4 0Q g _ 3 

' C3 ~ ~ 


C 3 12C 0 


48 £ 0 


v - 0 1 = 1 0° g - 1 - 

C 1 y-ir /'l 4 0 

Cl c 0 

■ *ci = ^C2 + ^C3 ^"pnnK/ a 1 ? o-'bFt? ^ 



□^npn -“Dti/by ^?np] mnD poonn -ik/nd .h 

:p^> ,nion □■namn c 2 -i q 


j___i__ _j_ 

C 1>2 - 4nF + 6nF 


=> Cj 2 - 2.4nF 


*?k/ n’VD 1 ? nruy nrn ^npii/n ^pn "py nnnn 

i^np: pb ,nnnn mpn 

0i=02=fiu=Ci^ = 

= (2.4nF)(22 V) = 52.8nC 


D^np ^?y ponniy mmyn nid/nni'/n 
!?y pun!? da nnid/i nnr tiuzl □‘nnmnn 

.□n!?i'/ l ?ipi'/n *?npn 
“npii/n ^npn 'piy 'pirrpni'/ !?np:) nid/'A nniNzi 
:Nm C 4 -i C 3 D ,, !?:ipn ntd/ !?iy 


1 

C 

v -'3,4 


1 1 

+ 


6nF 2nF 


=> C 3 4 = 1.5nF 


:cr , ?N^:iuiDn liquid/ .2 

oi = a 

c, c 2 

=>(2) 2;=02;=22; 

^2 

^npn 1 nNru'/nn 2 nNntyn nx 

22;+2;=i-2xio- 4 c 

=>2;=0.4x10' 4 C =>2[ = 0.8x10“ 4 C 

.A 

2, =C^ = (6x10" 6 )(20) = 1.2x 10^C 
2, =C 2 5' = (3xl0 _6 )(20) = 0.6xl0" t C 

.7 

cpninnnn mm'pn !?y ‘px'^uiDniy ■pi'on (1) 
unon rprp n 1 ? ,nnr *m nr nnpnn 
Toy 1 n 1 ?! .□-•'pnpn niy -pn d^^^uid 
"*A bs/n in* !?:> 'py punn .■''pnE'/n pun Dn^rn 
.n^nid/ ■•dd nttEd/" □■•'pnpn 
:punn Tin-'tyn 'pup] ,nr n^nn (2) 
(1) 2i' +2a =1.2x10"*C+(-0.6 x10' 4 ) = 
= 0.6x10^0 

:]nn Q’ ,i ?npnni'/ 'py nnnn ypni'/ 

C, c 2 

=>(2) 2;=22; 

:t>npDi 1 n^niynn 2 n*ntyn 
202 + 02 ~ 0-6 x 10~ 4 C 
=>(% =0.2x10“ 4 C 

=^g; = o.4xio~ 4 c 



.N 

02-03-0 
01 — ^0^ 

“pipid/n *?npn l ?iy ‘pi^pn n^C r -n -|no 3 . 3 . 

. C 3 -i C 2 :D^npn niy l pty 


1 = 1 1 
C r “ 4C 0 + 12C 0 


=> C r - 3C 0 
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3 p -\d ni'ia injiD Jii'imni ni^NU/n ido 


p 1 ? .“non □‘niiinn C 24 ~i C 13 Q^npn 

:N"in ^ynn ‘pd ^ Vipid/n 'm'pn 


1 


1 1 

+ 


C T lOnF 8nF 

=> C T = —nF 
r 9 


:Nin 'pipK/n ^npn ^>y punn 

e r =C r ff = (fnF)(22V) = ^nC 

^np] P 1 ? 

n - n - 880 n r 

01,3 ~ 02,4 “ g 

C 3 -1 0 DPapn n 3fcyn in* ‘jd by nnnn 
ixm yupnn crninnnn 


v —V — 

v Cl F C3 


a, 3 T* C 88 


C 13 lOnF 9 


=—V = 9^V 


F = V = 

K C2 'C4 


Q 2 , 4 H^C.llO., ,- 2 


C. 


2,4 


8nF 


:di D^pnn 
V = 12£V 


:pDm 

ei=C 1 K cl =(4nF)(9fV) = 39|nC 
& = <V r CJ =(6nF)(9*V) = 58fnC 

-1 

e 2 = C 2 K C2 =(6nF)(l2f) = 73|nC 
a=QF C4 =(2nF)(l2|) = 24|nC 



.H 


,Q = Ce (1) 
,E c =\Ce 2 ( 2) 
.W e =Qs = (Cs)s = Ce 2 (3) 

.£*=»; -E c = Cs 1 -jCs 2 =\Ce 2 (4) 

.2 

:Nin bnpn 'piy iy~rnn ^irpn (1) 

c -a s r 

:niyyn pp 'opn *?y punn p 1 ? 

g' = C'e = — = -£ 

^ Sr 


\w n"K 2 b nniy nrn ^ipiyn *?npn ^y nnnn 

:b 2 pi pb ,nnnn npn 

03 = 04 ~ 03,4 ” 0,4 ^ = 

= (l.5nF)(22V) = 33nC 


*ci = 


F = 

K C2 


*0 = 


F = 

v C3 


52.8nC 
4nF 
518nC 
6nF 
33 nC 


:b2pi V c -Q!C niypn "pinn 
= 13.2Y 

= 8.8V 


6nF 
33 nC 
2nF 


= 5.5 V 
= 16.5V 


b-\p\u tmynniy “pup: tqo posnn niyND .a 

:Nnn bxynb nyD 


Ci= 4 nF | 

1 j j C2=6nF 

C3=6nF 

1 

L_ 


II 

C4=2nF 

_11_ 



i ir 

s=22V | | 



yapnn nyo on^inn ,C 3 -i 0 p^npn n 3ty 
:Nin on^iy 'piptyn yinym 
0 3 = 4nF+ 6nF = 10 nF 

^apra D^imnn C 4 -i C 2 o^ipn nty ,pi 
:*-m □n'piy tnpiyn l?irpm 
C 24 = 6nF+ 2nF = 8nF 

■.Nnn ^yn 1 ? ‘pipty V']n ‘nynn p 1 ? 

Cn-lOnF C 24 = 8 nF 
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3 jns ni’jra inns JII'UlAni 'inu/na TlpNWn 190 


f^( £ r-') = jC£ 2 (e,.-l) 


■ Q = Ce (1) 
■E c =\Cs 2 (2) 
.n 

:Nm bnpn b\u byinn 'nn-'pn (1) 


C' = sC 


:*m larrnn punn p 1 ? 


e'=c f f=^Cf=^e 


ip 1 ?! 


Ae=e , -fi=e,e-fi=ce(fi,-i) 

Pta tapn '?a/ ‘jia’pn ’D ‘ata lyunn 

( 2 ) 

A£ c =iC'ff 2 -ICfi 2 =±(e r ~l)Cs 2 

■pn ■nup^in imnn noinn -p^nra (3) 
mm*?n pn Ag pun inv ^npn mrrfr 
■?y punn ■o ,dit crnm npnn in yimn 
y^nn nnnn mpn nr i^nra .‘pta ^npn 
mo-'nn t>y nnnm nnny 
^ = Ag£ = Cs(s r - 1)x s = (e r - 1) Cs 2 

(4) 

^=%=p 2 «H={^) »„= 


L 0.5 r 


4 4 J 


2(g f -l ) 2 CV 
RC 

= 2{s,.-\) 2 Ce 2 

:nn’-'pn □’ysan lANiy ff nmnyn (5) 


■« = 


Pf + »;=£’ J! +A£ c 


-1^ 

^W / + (g,-l)Cg 2 = 


l e r J 


= 2(f r -l) 2 Cff 2 +i(e r -l)Ce 2 
W = 2(s r - if Cs 2 -^(g r -l)Cf : 


:P^> 


AQ = Q’-Q = — -Q = Ce 


'i-,' 

£• 




Cs 


by pom nnt'/niy tapi s r > 1 -i a limn 
^npn ‘py punn nmto sb'biv Nin bnpn 

.nno 

|Ag| nyua pp ‘Anpn by punn (2) 

mbnn miy nr pun .D~npn pyon umynu/ 
nnnn mpn -pi 'b'bwn nibn bn nrnn 
,cnr D’lra npnn in yvjb imnn -pron 
.tahn nmin 1 ? nnnn mpn 1 ? oiia pm 

in^TiAty 


E e =\AQ\s = 


£., -1 


V 


Cs' 


imnn nN^mn nyptymn nnnyn (3) 
:ni*nn nvAiiNn dido 1 ? nm pup^in 
b\u n^n^/nn n^N^iuiDn n^n\n nru/n 
lAin ■‘t* ‘py nm*in mAiiNn ,t>n pn 
:nnnn npn nmini'/ mm^m 
^ = (£ C2 -^ cl ) + ^+^ 


i ^ „2 i ^-t„2 


f—| + (/ 2 y?)f 0 


+ 


£.. - 


V 6 V J 


Cs 2 = 


£-1 


C^ 2 + 


_1 

2 


1 

2 


_i 

2 


_1 

2 


\ b r J 
( £„ -0 


*o > 

,2 


/?-/ 0 + 


^-1 

*r J 


Ci* 2 = 


*r J 
£ -0 


Or 2 +^-tf = 


‘o 


C^ 2 + 


-1 


v CV 


■fl = 


A 


£lc! 
^ j 

' £r-f 

V ^ > 


C^ 2 + 


v y 
£• -1 


-C^ 2 = 
L 


CC + 


£.. -1 


A 2 


V y 


—c^ 2 = 

2r 


CC 


i^npi nyn .a 


^ ” ^C2 ^C1 

= = _1_1 

2C' 2 C 2 C/fi- C 
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3 jh'vi inns ni'imni na ni^xwn n9Q 


. C 0 = /1/ lo^n iid/ND 
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3 jnD ni-jo. iniiD ni'imni 'mw na ni'rau/n *ido 
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3 ni'in |nn9 m'oiAni 'inwru. nrtxmn nao 
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3 jnD nnyn \nr\o XlPimm bny/nn Tl\'mW7\ 190 
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